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Interactions Between a Canard and Thick Bodies:
Analysis and Applications

Asher Sigal¤

San Diego State University, San Diego, California 92182-1308

A modular model, consisting of cruciform canard controls mounted on a thin forebody and � ve interchangeable
thick (larger-diameter) main bodies, was tested at a Mach number of 0.8. The canard was installed at the ++ and x
positions and at de� ection angles of 0, 6, and 12 deg. The model was equipped with two sting balances in a setup
that enabled to obtain the loads acting on the canard unit and those acting on the main bodies. Four interactions on
mainbody normal force and center of pressure are identi� ed and quanti� ed: effects of the canard on the thickening
of the main bodies and on the boattails, as a function of angle of attack and canard de� ection. The interactions are
analyzed using an approximate vortex tracker, which is based on slender body theory. Then, the pertinent part of
the Pitts, Nielsen, and Kaattari component buildup method is used to calculate the interactions. The results of the
analysis are in good agreement with the present test data, except for the effect of canard de� ection on the boattail,
where the analysis leaves a large gap. Using the present method, to add the subject effects to component buildup
analysis of variety of con� gurations improves the agreement with test data.

Nomenclature
B = main body
b = forebody
bt = boattail
C = canard
CL = lift coef� cient
CL® = lift curve slope
Cm = pitching-moment coef� cient
Cm® = pitching-moment curve slope
CN = normal-force coef� cient
CN® = normal-force curve slope
c = side of a square base
D = diameter of main body, mm
d = reference length, diameter of the forebody, mm
dbe = equivalent base diameter
f = lateral position of a trailing vortex
g = lateral position of an image vortex
h = vertical position of a trailing vortex
h i = vertical position of an image vortex
I = in� uence factors, de� ned by Eqs. (2–5)
L = lift force
l = moment arm
M = Mach number
qr = radial velocity component in the transverseplane
R = radial coordinate in the transverse plan
r = body radius
S = body cross-sectionalarea
SR = reference area, .¼=4/d2, mm2

U = freestream velocity
xcp = center-of-pressurelocation
® = angle of attack
0 = circulation
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± = canard de� ection
½ = air density
¾ = strength of source

Subscripts

f = front balance
m = main balance
1 = thickening of main body

Introduction

T HE � rst part of this paper, Ref. 1, describes a wind-tunnel
investigation of a modular model, consisting of a canard unit

mounted on a thin forebody and � ve interchangeable thick main
bodies. Reference 1 gives the geometry of the model and the test
conditionsand describesthe measurementsystem.It emphasizesthe
aerodynamic characteristics of the bodies alone and of the canard
unit. It also identi� es the effects of the main bodies on the canards:
a slight decrease of the normal-force curve slope and of the normal
force caused by canardde� ection,as main body thicknessincreases.

The objectivesof this part of the studyare 1) to identify and quan-
tify the effects of the canards on the thickeningsof the main bodies
(the ogives connecting the forebody to the main bodies) and on the
boattails;2) to analyze these effects;3) to add the presentanalysis to
componentbuildup calculationof the longitudinaland controlchar-
acteristics of several con� guration; and 4) to compare the results
with available test data and evaluate applicability for design.

Interactions
Models and Tests

A schematic of the test model and the measurement system are
depicted in Figs. 1 and 2. This arrangementprovided the canardunit
(forebodyand canards) loads and the whole loads, thus enabling the
identi� cation of the canard-main-body interactions. Mach number
of the tests was 0.8, and angle of attack was varied between ¡6 and
14 deg. The canards were installed at the C and x positions and at
de� ection angles of 0, 6, and 12 deg (leading edge up). Additional
details, including accuracy of the data, are given in Ref. 1.

Characteristics of Canard-Body Con� gurations
Typical test results of the canard unit, mounted on body b-B20,

and of the total con� guration are presented in Figs. 3 and 4 for the
C and the x positions, respectively. The reference length and area
are forebody diameter and cross-sectional area, respectively. The
referencefor pitchingmoment is the interfacebetween the forebody
and the main bodies, as indicated in Fig. 1. The referencequantities
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Fig. 1 Schematic of the model and designation of the modules.

Fig. 2 General assembly of con� guration b-C00-B15.

a) Normal-force coef� cient vs an-
gle of attack

b) Pitching-momentcoef� cient vs
normal-force coef� cient

Fig. 3 Test results of the canard unit and the whole con� guration at
the ++ position.

are common to all con� gurations.The coef� cients obtainedby each
balanceare presentedas a functionof theappropriateangleof attack.
The ratio of forebody to main body angles of attack, which results
from the bending of the front balance, range between 1.02 and 1.04,
depending on canard de� ection. The normal-force curve slopes of
the whole con� guration are slightly larger than those of the canard
unit. The nonlinear components of the normal-force curves of the
con� guration are larger than those of the canard unit, indicating
the contributionof the main body. When the canards are de� ected,
the normal-force coef� cients of the con� guration, at zero angle of

a) Normal-force coef� cient vs an-
gle of attack

b) Pitching-momentcoef� cient vs
normal-force coef� cient

Fig. 4 Test results of the canard unit and the whole con� guration at
the x position.

attack, are lower than those of the canard unit. As angle of attack
increases, the normal-force curves of the con� guration cross over
those of the canard unit, and increase without saturation. For un-
de� ected canards the initial slopes of the pitching-moment curves
(Cm vs CN ) of the con� gurationare smaller than those of the canard
unit. The smaller slopes indicatea more rearwardcenter-of-pressure
location because of the contributionof the main bodies. The pitch-
ing moments of de� ected canards, at zero angle of attack, are larger
than those of the canard units. Also, whole pitching-moment coef-
� cients at zero normal force are positive, indicating the existence
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a) Normal-force curve slope b) Center-of-pressure location

Fig. 5 Stability derivatives of the plain main bodies in presence of the
canard.

of moment couples. As the normal-force coef� cient increases, the
center-of-pressure location of the con� guration, indicated by the
ratio Cm =CN , moves rearward as a result of nonlinear contribution
of the main body. Similar results were obtained with all other bod-
ies. The effects already mentioned are more pronounced as D=d
increases.

Canard on Main Body In� uences
The contributionsof the plain main bodies (main bodies without

boattails) to stability derivativeswere obtained by applyingEqs. (1)
to the data of the con� gurations with nonde� ected canards:

CN® 1 D CN® m ¡ CN® f (1a)

Cm® 1 D Cm® m ¡ Cm® f (1b)

xcp1=d D Cml=CNl (1c)

The results are plotted in Fig. 5, together with those obtained for
the bodies alone. It is apparent that the normal-force curve slopes
of the thickeningsof the main bodies are reducedby the presenceof
the canard.The center-of-pressurelocations of this contributionare
more forward, relative to the case of bodies alone. The shift of the
center of pressure indicates that the download, that reduces CN® 1,
acts more aft than the center of pressure of the thickenings of the
bodies alone.

A canard on main body in� uence factor is de� ned by

I® D
CN® 1.b ¡ C ¡ B¤/

CN® 1.b ¡ B¤/
¡ 1 (2)

The average value, based on the data presented in Fig. 5 (one irreg-
ular datum excluded), is

I® D ¡0:25

As mentioned earlier, the whole normal-force coef� cients caused
by canard de� ection at zero angle of attack, obtained by the main
balance, are smaller than those of the canard unit, obtained by the
front balance.The differencesare shown in Fig. 6. A canard on main
body in� uence factor caused by canard de� ection is de� ned by

I± D 1CNl=CNf (3a)

where

1CNl D CNm ¡ CNf at ® D 0 (3b)

The dependence of I± on diameter ratio is discussed in the next
section.

Canard on Boattail In� uences
The contributions of the boattails to the normal-force curve

slopes, in the presence of the canard, were obtained by subtracting

Table 1 Normal-force curve slope of the
boattails in presence of the canard

Con� guration b-C-B20bta b-C-B25bt

With canards at C ¡2:13 ¡4:63
With canards at x ¡2:45 ¡4:75
Bodies alone ¡4:14 ¡7:80

ab D forebody; C D canard; B D main body;
bt D boattail.

Table 2 De� ected canard on boattail
in� uence factor

Con� guration b-C-B20bta b-C-B25bt

Canards at C 0.040 0.070
Canards at x 0.046 0.102
ab D forebody; C D canard; B D main body;
bt D boattail.

Fig. 6 Aerodynamic loads induced by canard de� ection on the plain
main bodies.

the stability derivatives of con� gurations having plain bodies from
those of matching con� gurations having boattails. The � ndings are
summarized in Table 1.

The presence of the canards considerably reduces, in absolute
value, the contributionsof theboattails to normal-forcecurve slopes.
Similar to the � rst interaction, a canard on boattail in� uence factor
is de� ned by

I®bt D
CN® bt.b ¡ C ¡ B¤bt/

CN®bt.b ¡ B¤bt/
¡ 1 (4)

The average value, based on the data given in Table 1, is

I®bt D ¡0:42

The total normal-force coef� cients of con� gurations with de� ected
canardsand boattails,at zero angleof attack,are larger than thoseof
the matching plain con� gurations. Similar to the second in� uence
factor, a de� ected canard on boattail in� uence factor is de� ned by

I±bt D 1CNbt=CNf (5a)

where

1CNbt D CNm.b ¡C ¡ B¤bt/¡CNm.b¡C ¡ B¤/ at ® D 0

(5b)

The experimentallyobtainedaveragevalues (between6- and 12-deg
canard de� ections) are given in Table 2.
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Analysis
Review of the P-N-K Methodology

Analysisof the effect of a vortexsystemcreatedby forward lifting
surfaceson afterbodiesis included in the Pitts, Nielsen, and Kaattari
(P-N-K) formulation of component buildup (CBU) methodology.2

This reference modeled each lifting surface by a horseshoe vortex.
The external trailing vortex is a free vortex, whereas the internal
vortex is an image of the external one, which satis� es the tangency
conditionson the body.The relationshipbetween the circulationand
the lift produced by a planar canard is

0 D 1
4
U SRCLc=. f ¡ g/c (6)

For slender � ns the source of the trailing vortex is at

fc D rc C .¼=4/.s ¡ r /c (7)

The location of the image vortices is given by

g D f r 2=. f 2 C h2/ (8a)

h i D hr 2=. f 2 C h2/ (8b)

The net lift carried on a body section, located downstream of the
canards, is

1L D 2½U01. f ¡ g/ (9)

where 1. f ¡ g/ is the change of ( f ¡ g) along that body section.
The nondimensional form of Eq. (9) is

1CL D .40=U SR /1. f ¡ g/ (10)

With regard to the location of the free vortices, the authors of Ref. 2
mention the “step by step” analysis (vortex tracking) of Rogers.3

However, their own analysis assumes that the free vortices are con-
vected in the direction of the free � ow. This approximationwas ap-
plied to the present con� gurations. It was found that the estimated
interactions were much larger, in absolute values, than experimen-
tally observed. This � nding led to a desire to re� ne the analysis.

Present Methodology
To apply Eq. (10), there is a need to know the trajectories of the

free vortices downstream of the canard trailing edge. Vortex track-
ing was developed for the study of vortex roll up (e.g., Rogers3

or Spreiter and Sacks4 ) and for the analysis of wing-tail interac-
tion (e.g., Edwards and Hikido5 ). The analysis by Refs. 3–5 con-
sidered two contributions to the displacement of the vortices: the
cross� ow over the body at angle of attack and the mutual induction
of the vortices. Slender-body theory was used for the former and
two-dimensionalvortex theory for the later. Nielsen6 and Hemsch7

provide additional details and references. Vortex trackers are being
used in several CBU codes, e.g., Portnoy8 or Lesieutre et al.9 These
trackers require numerical integration along the body.

The emphasis of this work is on the effect of variable body di-
ameter at small angles of attack. It is expected that in this case the
changingdiameterwill dominate the lateraldisplacementof the vor-
tices. Thus, an approximate approach was sought, which will yield
an analytical solution, rather than a need for numerical integration.

According to subsonic slender body theory, i.e., Ashley and
Landahl10 or Katz and Plotkin,11 the local source strength, repre-
senting a slender body at zero angle of attack, is

¾

U
D

dS

dx
D

2¼r dr

dx
(11)

The radial velocity component induced by the source, at small dis-
tances from the axis, is approximately

qr

U
D

³
1

2¼ R

´
dS

dx
D

³
r

R

´
dr

dx
(12a)

Because free vortices are aligned with streamlines

qr

U
D dR

dx
D

³
r

R

´
dr

dx
(12b)

Integration of Eq. (12b) yields

R2 ¡ r 2 D R2
c ¡ r 2

c .a constant/ (13)

The physical interpretationof Eq. (13) is that at zero angle of attack
the free vortices coincide with the outer surface of a hollow stream
tube, whose inner surface is the body.

Validation
Substituting Eq. (6) into Eq. (10) yields

1CL D
CLC 1. f ¡ g/

. f ¡ g/c

(14a)

1CL®
D

CL® C 1. f ¡ g/

. f ¡ g/c

(14b)

Ignoring the small differences between CL and CN , the four in� u-
ence coef� cients become

I® D
CN® c

CN® l .b ¡ B/

1. f ¡ g/1

. f ¡ g/c

(15a)

I± D 1. f ¡ g/1

. f ¡ g/c

(15b)

I®bt D
CN® c

CN® bt.b ¡ B/

1. f ¡ g/bt

. f ¡ g/c

(15c)

I±bt D 1. f ¡ g/bt

. f ¡ g/c

(15d)

Fig. 7 Canard on main bodies in� uence factor.

Fig. 8 De� ected canard on main bodies in� uence factor.
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The ratio 1. f ¡ g/=. f ¡ g/c, which is the normalized change of
the lateral distance between the trailing vortices and their images,
is calculated using Eq. (13). The results for the thickenings and
the boattails of the present geometries are summarized in Table 3.
For near zero angles of attack and weak vortices, the in� uence co-
ef� cients are independent of the roll position. A similar analysis,
assuming that the free canard vortices trail in the direction of the
freestream, gave values that are two to three times larger than those
given in Table 3. The large differenceemphasizes the importanceof
tracking the vortices in the analysis of the interactions.

I® Evaluation
The experimentally obtained values were obtained by applying

Eq. (2) to the data presented in Fig. 1. The analytical predictionwas
obtained using Eq. (15a), experimental data for the normal-force
curve slopes of the canard unit and of the thickening of the main
bodies, and the calculatedvortex lateral distanceparameter given in
Table 3. Figure7 is a comparisonbetween testdata and analysis.The
average calculated value is ¡0:31, namely 24% larger, in absolute
value, than the average experimental value of ¡0:25.

I± Evaluation
The experimental data were obtained using Eq. (3a), the data

summarized in Fig. 2, and experimentally obtained characteristics
of the canard unit. The analyticalvalues, accordingto Eq. (15b), are
taken from Table 3. Figure 8 compares the results of the analysis
with those of the test. It is apparent that the analytical curve passes
in the middle of the test data.

I®bt Evaluation
The test data were obtained by applying Eq. (4) to the data given

in Table 1. The analysis uses Eq. (15c) and experimental data for

Table 3 Change of vortex lateral distance
along the models

D=d

Change 1.5 2.0 2.5

1. f ¡ g/1=. f ¡ g/c ¡0:052 ¡0.110 ¡0.176
1. f ¡ g/bt=. f ¡ g/c —— 0.060 0.124

Fig. 9 Schematic of canard-body-�are con� guration.13

a) Normal-force curve slope b) Center-of-pressure location

Fig. 10 Comparison of longitudinal stability derivatives of canard-� are-body con� guration.

the characteristics of the canard unit. The average analytical value
is ¡0:34, namely 19% smaller, in absolute value, than the experi-
mentally obtained average value of ¡0:42.

I±bt Evaluation
A comparison of Table 2 and the bottom line of Table 3 shows

that the analysis overestimates the experimentally obtained data by
an average of 44%.

A more detailedanalysis that accountsfor thedifferencesbetween
forebody and main body angles of attack was also carried out. It
was found that predictionsby the re� ned analysis are close to those
obtained by the present method.

Applications
The basic prediction tool was the 1997 version of the Missile

Datcom code (M-Datcom).12 It was used to obtain the longitudinal
characteristics of the selected con� gurations and of their compo-
nents. The pertinent parts of Eqs. (15) were used to account for
the subject interactions,which are not considered by the code. The
M-Datcom code assumes, after Ref. 2, that the free vortices trail in
the direction of the freestream. The present analysis considers the
lateral displacement of these vortices as they trail along the bod-
ies. A change in the lateral position of the vortices also affects the
tail interference factor, which determines the contributions of the
tail caused by canard vortices. This creates an additional indirect
interaction, which is also taken into account in the analysis. The
modi� ed results of the M-Datcom are entitled corrected.

The reference length and area used in this chapter are maximum
body diameter and cross-sectional area, respectively. These refer-
ence quantitiesmatch those used by the authorswhose data are used
for comparison.

Canard-Body-Flare Missile
Spearman and Robinson13 tested a canard-body-�are missile

model at high supersonic Mach numbers, at angles of attack, and
canardde� ectionsup to 20 deg.A schematicof their researchcon� g-
uration is depicted in Fig. 9. The M-Datcom computational model
is slightly different from the actual geometry: 1) The nose of the
computational model is a slightly blunted tangent ogive. It main-
tains the bluntness radius and the radius at midroot chord station of
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the actualmodel. 2) The computationalcanard model is trapezoidal,
maintaining the same inclusive span and exposed area as the actual
planform. The analysis and the comparisons were done for Mach
numbers up to 5.0.

The lateral positions of the canard trailing and image vortices, in
center-body diameters, are given in Table 4.

Test data were obtained from Fig. 7 of Ref. 13. The maximum
probableerror given in Ref. 13 is §0:11 in CN and §0:13 in Cm , for

a) Normal force caused by canard de� ection b) Center-of-pressure location

Fig. 11 Comparison of control stability derivatives of canard-� are-body con� guration.

Fig. 12 Schematic of the wind-tunnel model of Pavestorm I.14

M D 4:64 and about 10% better at M D 2:01. Comparisonsbetween
M-Datcom prediction,correctedanalysis and test data are presented
in Figs. 10 and 11. The “saddle” in the calculatedcurves is attributed
to the contributionof the canards,which is obtainedfroma database.
The correction,which accounts for the download acting on the � are
caused by canard vortices, decreases the normal-force curve slope
by about 11% at M D 2:0 to 7.4% at M D 5:0. The reduction of
the normal-force caused by canard de� ection stability derivative is
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16.5% and is independent of Mach number. The corrected compu-
tational values are in better agreement with the test data, except for
the normal-force curve slope at M D 4:65. The correction shifts the
center of pressures forward about 0:36D at M D 2:0 to 0:18D at
M D 5:0. The corrected center-of-pressure location is in very good
agreement with the data. The center of pressure caused by canard
de� ection, as predicted by the M-Datcom, is very close to that of
the isolated canards. The correction shifts this center of pressure
forward between 0:5D at M D 2:0 and 0:8D at M D 5 and improves
the agreement with test data.

Pavestorm I
The Pavestorm missile features a canard unit, which is mounted

on a thin forebody, a thick main body, a boattail, and a tail. Smith14

tested this con� gurationat transonicMach numbers.A schematicof
his test model is shown in Fig. 12. Canard C3, which has the middle
size, was selected for the present study.

The computational model contains three small deviations from
the actual con� guration: 1) The actual nose (cone-cylinder-�are)
was replaced by a cone having a � neness ratio of 2.44. Modeling
the nose as a cone enables the use of the � rst option of analysis,
which uses a database. This option has the advantage of taking into
account the lift carryover on the main body. The selected � neness
ratio ensures that the body diameter at the location of the center of
the canard root chord is equal to the actual diameter; 2) The actual
afterbody (boattail-box tail) was represented by a conical boattail.
The computationalmodel basediameterwas calculatedsuch that the
normal-forcecurve slope of the equivalent base diameter will equal
that of the actual box tail, based on slender body theory. According
to this theory, i.e.,Nielsen,6 the normal-forcecurve slopeof a square
body is 2.47. Thus

¼
¯

2d2
be D 2:47c2 (16)

Equation (16) gives dbe D 1:25c; 3) The root chord of the tail is
shifted outward so that it matches the computational model of the
boattail. The inclusive span of the tail is maintained. A comparison
between the actual body contour and the computational model is
depicted in Fig. 13. The radial location of the canard vortices at
selected body stations, in body diameters, is given in Table 5.

The moment arms are l1=d D 2:73 and lbt=d D 2:41 for the thick-
ening of the forebody and for the boattail, respectively. This gives
the net effects

1CL D ¡0:043CLC (17a)

1Cm D ¡0:673CLC (17b)

Table 4 Lateral positions of the canard vortices
canard-body-�are missile13

Station f g . f ¡ g/ 1. f ¡ g/ 1. f ¡ g/=. f ¡ g/c

T.E.a of canard 1.08 0.23 0.85 —— ——
Base of � are 1.28 0.57 0.71 ¡0:14 ¡0:165
aT.E. D trailing edge.

Table 5 Lateral positions of the canard vortices: Pavestorm I14

Station f g . f ¡ g/ 1. f ¡ g/ 1. f ¡ g/=. f ¡ g/c

T.E.a of canard 0.741 0.052 0.689 —— ——
Main body 0.871 0.286 0.585 ¡0:104 ¡0:151
Base of boattail 0.772 0.113 0.659 0:074 0.108
aT.E. D trailing edge.

Fig. 13 Comparison between body outline and the computational model of Pavestorm I.

Con� gurations B1-C3 (body-canard) and B1-C3-T1 (body-canard-
tail)were analyzedwith liftingsurfacesat both theC and x positions
and for nonde�ected and 5.5 deg de� ected canards. The direct cor-
rections use Eqs. (15), with calculatedvalues for the characteristics
of the canard unit. Table 5 shows that the radial location of the free
vorticesat the tail zone is slightly larger than that at theiroriginat the
canard trailing edge.Chart 7 of Ref. 2 was used to estimate the effect
of this change of the lateral position on the tail interference factor.
It was found that the lateral shift increases the interferencefactor by
3.4%in absolutevalue.The normal-forcecurveslopeof the tail unit,
alone and in the presence of the canards, was obtained by subtract-
ing the normal-force curve slope of the body alone from that of the
body-tail and the body-tail-canard con� gurations. The difference
between the two cases is the contribution of the tail caused by ca-
nard vortices (downwash). The additional correction was obtained
by increasing this contributionby 3.4%, as just mentioned.

The accuracy of the data given in Ref. 14 for M D 0:65 is 0.04
for CN and 0.02 for Cm . The accuracy improves as Mach number

a) Normal-force curve slope

b) Pitching-moment curve slope

Fig. 14 Comparison of the stability derivatives of con� guration
B1-C3.
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increases.The experimentallyobtainedstabilityderivativeswere es-
timated by manual � tting straight lines to the graphicaldata at small
angles of attack. The pitching-moment curves of the complete con-
� guration (B1-C3-T1) feature strong nonlinearity (S curve) around
zero angle of attack. Thus, the experimentally obtained pitching-
moment curve slope was not evaluated for this con� guration. Also,
the net normal-force coef� cient caused by canard de� ection of the
whole con� gurationis very small andcompareswith the accuracyof
the data reduction.Thus, this coef� cient too is not being compared.

Comparisons of calculated and experimentallyobtained longitu-
dinal characteristics of con� guration B1-C3 are shown in Fig. 14.
Test data with nonde� ected canards are available for surfaces at the
C position.It is apparent that the correctionimproves the agreement
with test data for both stability derivatives. The normal force and
pitching moment caused by canard de� ection of 5.5 deg are pre-
sented in Fig. 15. The calculatednormal-forcecoef� cient is consid-
erably larger than the test data. The present correctionhas the right
trend, but it is much smaller than the remaining gap. The matching
pitching-momentcurvewith canardsin theC positionis in verygood
agreementwith thedata. In the x orientationtheagreementis goodat
Machnumberof 0.65,but a gap developsasMach number increases.

The calculated and experimentally obtained normal-force curve
slopes of con� guration B1-C3-T1 are presented in Fig. 16. For
this con� guration the M-Datcom results overestimate the test data,
whereas the corrected results are in very good agreement with it.
Figure 17 brings a comparison between calculated and experimen-
tally obtained data for the pitching moment caused by canard de-
� ection of 5.5 deg. In this case the indirect correction offsets about
10% of the direct correction.The � ndings are very similar to those
found for con� guration B1-C3, namely, good agreement with the

a) Normal-force

b) Pitching-moment coef� cients

Fig. 15 Comparison of the control loads caused by 5.5-deg canard
de� ection of con� guration B1-C3.

Fig. 16 Comparison of the normal-force curve slope of con� guration
B1-C3-T1.

Fig. 17 Comparison of the pitching-moment coef� cient caused by
5.5-deg canard de� ection for con� guration B1-C3-T1.

test data for surfaces in the C orientation and at M D 0:65 also for
the x position. At Mach numbers larger than 0.65 and x position
there remains an unexplainedgap between analysis and test data.

Conclusions
The wind-tunnel test results of Ref. 1 were processed, and four

interactions between a canard and thick bodies were identi� ed: ef-
fects of the canard on the thickeningsof the main bodies and on the
boattails as a function of angle of attack and canard de� ection.

An approximate vortex tracker, which is based on slender body
theory, is used to estimate the change of the radial location of the
canard trailing vortices along the body at zero angle of attack.

The effects of the canard unit on bodies were analyzed, using the
present vortex tracker and the Pitts, Nielsen, and Kaattari2 method.
The calculated results agree well with the experimentally obtained
data, except for the de� ected canard on boattail in� uence factor
where the gap is large.

Severalcon� gurationswere analyzedwithoutandwith the subject
interactions.It is shown that including the contributionsof the inter-
actions between the canard vortex wakes and the bodies improves
the agreement between results of component buildup estimates and
test data.

Incorporation of the new method in CBU codes, such as the
M-Datcom, would improve the predictionof canard-controlledcon-
� gurations that feature thick bodies.
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